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A novel variant of hepatitis B virus was identified in Vietnam. This strain (HBV-VH24) had a novel
intergenotypic recombination between genotypes A, C, and G. VH24 showed high similarity (98.3 to 98.9%) to
the “aberrant strains” among Vietnamese isolates reported by Hannoun et al. (C. Hannoun et al., J. Gen. Virol.
81:2267–2272, 2000) and also had similar breakpoints of recombination. Phylogenetic analysis of the complete
genome of these strains formed a separate clade. Furthermore, their pre-S/S gene-encoded seven unique
conserved amino acid residues were not present in other genotypes. These findings support the designation of
the new genotype I.

Hepatitis B virus (HBV) infection is a global health problem.
Approximately 350 million people worldwide are chronic carriers
of the virus (12). Eight HBV genotypes from A to H are defined
by a divergence in the entire nucleotide sequence of more than
8% (1, 14, 18, 19, 23). The prevalence and distribution of HBV
genotypes vary geographically (6, 8, 9). Some genotypes have
been split into subgroups. In particular, Asian strains of HBV
(genotypes B and C) vary genetically and can be classified into
various subgroups (21). In addition to these classifications, in-
tergenotypic recombinant of HBV has been observed in geo-
graphical regions where there are cocirculating genotypes (2, 3, 5,
11, 20, 25, 26). We report here the complete genomic sequence
and phylogenetic analyses of an HBV strain isolated in Vietnam
that has shown a high divergence from these genotypes and also
a novel complex recombinant.

A serum sample was obtained from a 31-year-old male Viet-
namese patient who lived in Hanoi, Vietnam. He was diag-
nosed with acute hepatitis B at Bach Mai Hospital, Hanoi,
Vietnam, in 2003. This patient was seropositive for HBsAg and
immunoglobulin M anti-HBc antibody with a high level of
alanine transaminase (1,990 UI/liter). PCR using HBV geno-
type-specific primers (16) was used to amplify the virus geno-
type. The full-length 3.2 kb was amplified by using single-round
amplification of the full HBV genome, using the primer pair
HBV4 5�-CCGGAAAGCTTATGCTCTTCTTTTTCACCTC
TGCCTAATCATC-3� (sense; underlining of the primer se-
quence indicates the HindIII site) and HBV4R 5�-CCGGAG
AGCTCATGCTCTTCAAAAAGTTGCATGGTGCTGGT
G-3� (antisense; underlining of the primer sequence indicates
the SacI site) (4). PCR and sequencing analyses were done as
described previously (17). Briefly, viral DNA was extracted
from 100 �l of serum by using a DNA/RNA extraction kit
(SepaGene RV-R; Sanko Junyaku Co., Ltd., Tokyo, Japan).

The resulting pellet was resuspended in 50 �l of RNase-free
water and kept at �20°C until use. The PCR conditions con-
sisted of preincubation at 94°C and a 2-min activation of Blend
Taq-Plus DNA polymerase (Toyobo, Ltd., Tokyo, Japan), fol-
lowed by 40 cycles of PCR (94°C for 15 s, 55°C for 45 s, and
72°C for 3 min 20 s), with a final extension for 7 min at 72°C.
The PCR products were separated by 1% agarose gel electro-
phoresis and purified by using a QIAquick gel extraction kit
(Qiagen, Inc., Chatsworth, CA). Purified DNA was subjected
to direct sequencing using an ABI Prism BigDye terminator
cycle sequencing ready reaction kit and automated an ABI
3130 DNA sequencer (Applied Biosystems, Foster City, CA).
Evolutionary and phylogenetic tree analysis were performed by
using MEGA software version 3.0 (10), using the neighbor-
joining method, with 1,000 bootstrapped data sets. Genetic
distance calculation and pairwise distance comparisons used
the Kimura two-parameter model integrated into the MEGA
software. Intergenotype recombination of HBV strains was
investigated by using the SIMPLOT program version 3.5 (http:
//sray.med.som.jhmi.edu/SCRoftware/simplot/ [13]), which
identified phylogenetically informative sites supporting alter-
native tree topologies. The recombination detection was per-
formed by considering four sequences at a time: one putative
recombinant sequence, two or three reference sequences of
the original genotypes, and one sequence of a known outgroup.
Each informative site supported one of three possible phylo-
genetic relationships among the four taxa; contiguous sites
suggesting a single phylogeny were inferred to represent re-
gions between recombination breakpoints.

Initially, the genotyping result obtained by PCR indicated
genotype A. Based on this finding, we attempted to obtain
a full-length sequence of the Vietnamese HBV genotype A
strain, which is rarely observed in this country. The full-length
HBV genome was amplified by the long PCR method covering
the entire genome by one-round PCR to avoid artificial recom-
bination from amplifications of overlapping fragments. The com-
plete genomic sequence of 3,215 nucleotides (nt) was recovered
and denoted as HBV-VH24 (accession no. AB231908). However,
phylogenetic analysis of this VH24 isolate with a full-length ge-
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nome revealed a new clade suggesting a novel variant. To com-
pare the similarity to known HBV sequences, the VH24 sequence
was subjected to a homology search with BLAST (http://www
.ddbj.nig.ac.jp/search/top-e.html) revealing that it had very high
similarity (�98%) to the “aberrant HBV Vietnamese strains”
(AF241407, AF241408, and AF241409) submitted by Hannoun et
al. in 2000 (5). Further phylogenetic analysis of full-length se-
quences from VH24 and these three aberrant strains revealed

that they formed a clade separating first from the major trunk of
genotype C with a 100% bootstrap value (Fig. 1A). In addition,
phylogenetic analysis using each region of pre-S and S showed
that in the case of pre-S, this novel group was more closely related
to genotype A, with a 100% bootstrap value, which accorded with
the PCR genotyping result (Fig. 1B). On the other hand, the S
gene was more closely related to the genotype G strain with a
98% bootstrap value (Fig. 1C).

FIG. 1. Phylogenetic neighbor-joining tree constructed using full-length genome (A), pre-S gene (B), and S gene (C) of HBV, including VH24
(AB231908 in the present study) and three aberrant strains from the database (AF241407, AF241408, and AF241409). Bootstrap values were
indicated at each tree roots (percentage of 1,000 bootstrap replicates that support the branch). The sequence AY090454 of genotype H was used
as an outgroup. Only bootstrap values of �60% are indicated. The horizontal bar provides a genetic distance.
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Compared to these three aberrant strains from the database,
VH24 had very high similarity (98.3 to 98.9%) over the com-
plete genome at the nucleotide level. Furthermore, pairwise
comparison between these aberrant clade and known geno-
types showed that it was most similar to genotype C (7.0% �
0.4%, difference) but differed at least by 9% (9.5 to 14.4%)
from other genotypes (Table 1). It was also noted that this new
clade was the farthest cluster within genotype C. The HBV
subgenotype C4 strain from Australian aborigines was consid-
ered to be the most divergent strain in genotype C (24), which
has the serological subtype of ayw3. All strains in the new clade
had Ile110, Thr126, and Lys160 within the S gene, which are
characteristic of the serological subtype adw and thus differed
from most genotype C strains, which were subtype adr. How-
ever, the S-gene nucleotide sequence of this novel clade was

TABLE 1. Nucleotide distances between genotype 1 (VH24 and
aberrant Vietnamese strains) and other reference genotype

strains from the databasea

Genotype
% Nucleotide distance (mean � SD)

Complete genome S gene

A 9.5 � 0.5 3.5 � 0.7
B 9.7 � 0.5 4.6 � 0.8
C 7.0 � 0.4 5.7 � 0.8
D 10.4 � 0.5 3.7 � 0.7
E 10.4 � 0.5 4.1 � 0.7
F 13.8 � 0.7 7.0 � 1.0
G 10.9 � 0.5 3.0 � 0.6
H 14.4 � 0.6 7.2 � 1.0
I (this study) 1.1 � 0.2 0.4 � 0.2

a The pairwise comparisons were performed over the complete genome and S
gene.

FIG. 1—Continued.
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found to be most similar to genotype G (3.0% � 0.6% differ-
ence) by pairwise comparison analysis and was not close to
genotype C (5.7% � 0.8%). The pre-S/S gene and the P gene
of these aberrant strains showed high similarity to genotype A
and clustered on the branch of this genotype (data not shown).
These results suggested a recombination between genotypes A,
C, and G and support the concept that this aberrant clade can
be considered as a separate new genotype rather than a sub-
genotype. For this reason, we propose to designate this new
clade genotype I.

Further analysis using the Simplot program confirmed this
complex recombination. The recombinant segments and
breakpoints were the same in the VH24 isolate and the rep-
resentative aberrant strain (AF241407) (Fig. 2). The bootscan-
ning result showed that part of the genome (estimated to be at
nt 1386 to 3215) was more similar to genotype C than to the
other genotypes. The remaining part (nt 1 to 1385) differed

substantially from all genotypes, although it was most similar to
genotypes A and G. In segments from nt 396 to 666 and nt 872
to 1104, these strains were more similar to genotype G, and in
segments from nt 1 to 396, these strains were more similar to
genotype A. These recombination events were supported by
high bootstrap values (P � 0.05).

Furthermore, their pre-S or S gene, where sequence-classi-
fying genotypes are present, encoded distinctive conserved
amino acids such as His56, Ala60, Asn87, Val90, Val91, Ile136,
and Lys198, which did not belong to genotypes A, C, or G (Fig.
3). This finding also supported the notion that this aberrant
strain should belong to a new genotype.

In this study, we examined an HBV isolate with a complex
recombination between genotypes A, C, and G. A novel vari-
ant group comprising our isolate and three aberrant strains
derived from the database were most related to the genotype C
strain but had high divergence from 7 to 14.4%. Since pairwise

FIG. 1—Continued.
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FIG. 2. Bootscan analysis demonstrating the complex recombination between genotypes A, C, and G in isolate VH24 (A) and reported aberrant
Vietnamese isolate AF241407 (B). These two strains were subjected to bootscan analysis over the complete genome using the Simplot program with a
200-bp window size, 20-bp step size, and 100 bootstrap replicates, using gap-stripped alignments and neighbor-joining analysis. Strains were compared
to three representative HBV genotypes: A (accession no. AB126580), C (accession no. AB049609), and G (accession no. AB056513). The dotted vertical
lines showed the common estimated breakpoints of recombination in both analyzed strains.
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comparisons of complete HBV genomes of intragenotypic and
intergenotypic divergences ranged from 0% � 1% to 7% � 4%
and from 6% � 8% to 17% � 1%, respectively (1), the four
aberrant strains appear to represent a new genotype. Further-
more, in the pre-S/S gene where important region classifying
genotypes are present there were seven unique conserved
amino acid residues not present in other genotypes. The pres-
ence of unusual amino acids in the variant is interesting and
suggests that it has undergone independent evolution, possibly
since the inferred recombination events. These findings
strongly support the idea of a new genotype rather than a
subtype of genotype C, which is the most closely related geno-
type, and we proposed naming it genotype I.

Interestingly, all of the novel variant HBV strains originated
from Hanoi, which is in the northern part of Vietnam, although
we also investigated the southern part of Vietnam. There was
a 1.1% nucleotide distance within the group with the same
recombined segments and breakpoints, suggesting that the re-

combination may be recent or locally distributed. Thus far, the
reason for the recombination of segments from different ge-
notypes of HBV has not been discussed. Simmonds and
Midgley reported the evidence of frequent intragenotypic re-
combination between genotypes A, D, and F/H and gibbon
variants but not in B, C, or the Asian B/C recombinant group
(22). Furthermore, in many cases described in that report,
favored positions for both inter- and intragenotype recombi-
nation matched the positions of phylogenetic reorganization
between human and ape genotypes, such as the end of the
surface gene and the core gene, where sequence relationships
between genotypes changed in the TreeOrder scan. To date,
intergenotype recombination with genotype B/C (15, 25), C/D
(3), A/D (20), A/G (7), and A/E (11) occurred in geographical
regions where a number of genotypes cocirculate and resulted
from mixed infections between two different genotypes. It is a
notable finding that our results presented here showed a more
complicated recombinant with genotype A/C/G. This finding

FIG. 3. Multi-alignment of deduced amino acid sequence the large S gene (amino acids 1 to 400) of genotypes A (subgenotypes A1 and A2),
C (subgenotype C1 in Vietnam), and G and new variant strains. The VH24 and other aberrant strains showed identical deduced amino acids in
the large S gene. Boldface characters show specific amino acid changes found in this new variant group compared to genotypes A, C, and G.
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was surprising, because the circulating HBV genotypes in Viet-
nam are B, C, and rarely A (27, 28). More interestingly, geno-
type G is quite rare in Asia and undetectable in Vietnam (6,
28). With the limited data available, the mechanism of this
complex intergenotype is still unclear, although there is a re-
port of HBV (DQ078791) with the C/G recombinant genotype
in Thailand (26). By phylogenetic tree analysis of the complete
genome, it was found that the DQ078791 isolate belongs to
genotype G and not to the new genotype I (data not shown). In
addition, the recombination breakpoints are quite different
between them: an overlapping region (S gene) in Vietnamese
strains and a nonoverlapping region (precore/core gene) in a
Thai strain. Indeed, the sites and patterns of recombination
seem to be different depending on the corresponding geno-
types and the geographical area (3, 11, 25). Therefore, addi-
tional data on this complex intergenotypic recombination are
still needed to ascertain the order of recombination events.

In conclusion, we reported here a novel variant of HBV
(HBV-VH24) isolated in Vietnam. The VH24 had a novel
intergenotypic recombinant with genotype A/C/G. The VH24
and the “aberrant strains” in Vietnam reported in 2000 had
similar breakpoints of recombination among them. The find-
ings of the phylogenetic analysis, pairwise comparison, and
unique conserved amino acids in the pre-S/S gene suggested
the designation of a new genotype, for which the nomenclature
of genotype I is proposed.
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